A recent shift in thinking in Artificial Immune Systems (AIS) advocates developing a greater understanding of the underlying biological systems that serve as inspiration for engineering such systems by developing abstract computational models of the immune system in order to better understand the natural biology. We propose a refinement to existing frameworks which requires development of such models to be driven by the engineering problem being considered; the constraints of the engineered system must inform not only the model development, but also its validation. Using a case-study, we present a methodology which enables an abstract model of dendritic-cell trafficking to be developed with the purpose of building a self-organising wireless sensor network for temperature monitoring and maintenance. The methodology enables the development of a model which is consistent with the application constraints from the outset and can be validated in terms of the functional requirements of the application. Although the result models are not likely to be biologically faithful, they enable the engineer to better exploit the underlying metaphor, ultimately leading to reduced development time of the engineered system.
Introduction
The field of Artificial Immune Systems (AIS) has derived inspiration from many different elements of the natural immune system in order to develop engineered systems that operate in environments with constraints similar to those faced by the immune system [1] . Encouraged perhaps by views such as that of Timmis et al [2] that suggest rapid development in AIS is being hindered by both the lack of theoretical foundation and the lack of challenging application areas, a shift in focus has been apparent in the literature over recent years. On the one hand, we see the use of immune-inspired algorithms arising in increasingly more complex application areas, e.g swarm robotics [3] and wireless sensor networks [4] . Such applications embody the principles laid down in [5] which attempted to define the characteristics of applications which could properly benefit from the use of immune-inspiration. Simultaneously, significantly more research in AIS is under-pinned by the use of modelling techniques (both computational and mathematical) which provide theoretical foundations for algorithms, and proper immunological grounding. We propose that this shift towards theoretical development is necessary to drive innovations and development in future complex applications. In this paper, we examine the role that modelling can play in informing the development of a complex engineered system through the use of a case-study. The chosen study examines the creation of an immune-inspired prototype for controlling a specknet [6] -a particular type of ad-hoc wireless network which enables programmable computational networks to be constructed from thousands of miniature devices which sense, process and store information.
We consider the use of one particular aspect of immunology in association with specknets, that of dendritic-cell trafficking, and use an agent-based modelling approach to bridge the gap between the two complex systems. Specifically, we draw on a study which concerns mapping the data-collection and monitoring functionality of dendritic cells into an application which monitors and controls the environment inside a building. Although modelling as a tool has been used extensively by immunologists in efforts to either explain experimental data or to suggest novel lines of experimentation, our approach approach differs in that we specifically seek to understand how immune-inspired algorithms might be used within a complex engineered environment through the model. We deliberately make no attempt to produce an immunologically meaningful model that could be expected to provide insights to biologists (an approach also advocated by [7] ). Instead, we propose that the model fulfills the following roles:
it captures the high-level functionality of the biological system and the constraints of the engineered system it enables exploration of a range of state-of-the-art mechanisms from the biological literature, which may often be conflicting it enables validation of the functionality of the model according to metrics or measures appropriate to the engineered system Through the use of a case-study, we show how a model can be developed with the above in mind. The proposed methodology is generically applicable to other domains propose a methodology and successfully bridges the gap between complex domains.; the results suggest that modelling is a useful exercise in tacking complex engineering problems, even if it leads to models which are biologically unfaithful.
